Summary : Interaction of the corebellar anterior lobe and paramedian lobule somesthetic areas were investigated by electroanatomical and electrophysiological methods. Interruption of the intracerebellar connection between these somesthetic areas and topical application of 1% lidocaine to the anterior lobe forelimb area, resulted in a partial depression of evoked responses in the paramedirn lobule forelimb area. After bilateral cerebellar pedunculotomy, antidromic and postsynaptic responses were obtained in the paramedian lobule following ipsilateral anterior lobe stimulation.
Summation of responses was observed in the paramedian lobule and interpositus nucleus following combined ferelimb nerve and anterior lobe stimulation, while a weak inhibitory effect was noted in the paramedian lobule responses after forelimb nerve and interpositus nucleus stimulation. Microelectrode recordings revealed that unitary discharges of the interpositus nucleus neuron were inhibited for 27 msec following anterior lobe stimulation, but no such effect was observed following forelimb nerve stimulation.
It appeared that, in addition to the connections due to bifurcation of the cerebellopetal fibers, there are cortico-cortical and cortico-nucleo-cortical connections between the anterior lobe and paramedian lobule somesthetic areas, and that reactional interference occurred within these areas. are reciprocal connections between the cerebellar cortex and cerebellar nuclei. This means that there might be intracerebellar connections by way of the cerebellar nuclei.
The present study was undertaken to investigate the details of the functional connections between these two somesthetic areas and to elucidate the interaction of the areas. A preliminary report of the results has been presented elsewhere12).
Materials and Methods

Twenty
adult cats were used. They were anesthetized by intraperitoneal injection of 30 mg/kg of pentobarbitone sodium. During the potential recording period, small doses of the same anesthetic were administered to maintain anesthesia at a level at which brisk flexion reflexes were present. Craniotomy was performed and the left side of lobules IV and V (Larsell")) of the anterior lobe and the intermediate part of the posterior lobe including the left paramedian lobule, were exposed by aspirating the caudal part of the left cerebral hemisphere and removing the bony tentorium.
The cerebellar surface was inundated with warm mineral oil throughout the experiment, although during the drug effect experiment the oil was drained off and the exposed portion was flushed with warm Ringer's solution.
The left superficial radial nerve was dissected and stimulated using 0.02 msec pulses delivered through a cuff electrode. The surface of the cerebellum was stimulated with a rectangular pulse, the duration, polarity and amplitude of which were independently controllable. These stimuli were provided from isolated stimulators, and delivered through bipolar electrodes.
The anode and cathode of such electrodes were separated by 1-2mm.
Concentric electrodes were employed for the subcortical stimulation and/or recording.
Evoked potentials on the cerebellar surface were recorded between a lightly spring silver ball, 0.5 mm in diameter, and an indifferent electrode placed in the temporal muscles.
Fifty successive responses were averaged by an on-line medical computer, and the results of processing were fed to a cathode ray oscilloscope. Cortical and cerebellar nuclear unitary responses were recorded with stainless steel microelectrodes, isolated to the top and mounted on a micromanipulator.
Responses were recorded using a differential cathode follower recording between the microelectrode and an indifferent electrode in the temporal muscles.
In some experiments, interruption of tne connections between the anterior lobe and paramedian lobule was attempted. This was done by inserting a small spatule along the primary fissure deeply into the cerebellar medulla.
The interrupting effect was monitored by observing the effect on the paramedian lobule responses induced by ipsilateral anterior lobe stimulation.
In three experiments, another attempt was made to divide the cerebellar peduncles of both sides using a small spatule.
The success of such pedunculotomy was monitored by observing the effect on cerebellar surface potentials evoked by stimulation of the left superficial radial nerve. Potential recordings were made on the 2 nd, 10 th and 21 st postoperative days in these cases.
At the end of the experiments, the brains were fixed in situ by intraarterial infusion of 10% formalin. The cerebellum and brain stem were dissected out after 4 hours, fixed in formalin and embedded in celloidin.
40 t serial sections were cut in a transverse plane and stained with cresyl violet. The accurate positions of the potential recordings and the success of the pedunculotomy were verified histologically.
Results
Responses in the cerebellar somesthetic areas to stimulation of the forelimb nerves When the superficial radial nerve (SRN) was stimulated, the evoked responses were recorded from the forelimb areas in the cerebellar somesthetic areas -ipsilateral anterior lobe (intermediate part) and paramedian lobule (rostral part). Fig.  1 shows typical evoked responses recorded at "best point" in the anterior lobe and paramedian lobule.
The earliest response was a positive wave with a latency of 4 msec, and was followed by a much larger positive-negative response. Although the diphasic wave was superimposed on the tail of the earlier response wave, the latency of the rising phase was 15 msec and the maximal response had a peak-to-peak amplitude of up to 2 -2. 3 mV. These earlier and late responses were similar to those which Oscarson21) ascribed to activation via mossy and climbing fibers, and their latencies were almost the same in the anterior lobe and paramedian lobule. However, the rising phase of the climbing fiber response was steeper in the anterior lobe than in the paramedian lobule.
In several experiments, the threshold required to evoke a just detectable respoxise was explored in the anterior lobe and paramedian Mule.
The top record in Fig. 1 shows the results of one experiment.
The climbing fiber response appeared to have a similar threshold in the anterior lobe and paramedian lobule, while the mossy fiber response appeared. to have a higher threshold in the paramedian lobule than in the anterior lobe. area, and the lower beams (P) are those in the paramedian lobule. The recording points are shown in the inset diagram. The stimulus strength was just threshold for the climbing fiber component of the paramedian lobule response in the top record, and suprathreshold in the second and third records. All responses were taken at the same amplifications ; however, the bottom one utilized a slower sweep speed. Upward deflection represents positivity.
Effects of lesions interrupting
the connections between the two somesthetic areas To obtain more detailed knowledge concerning the interaction of the two somesthetic areas, an attempt was made to interrupt the connection between the anterior lobe and paramedian lobule, and the changes in evoked responses to ipsilateral SRN stimulation were observed in the anterior lobe and paramedian lobule. The top right record in Fig. 2 shows that the mossy and climbing fiber responses, especially the latter, were depressed in the anterior lobe following the interruption.
On the other hand, the mossy fiber response was strongly depressed in the paramedian lobule, and a longer latency (9 msec) positive-negative wave appeared after the interruption as shown in the second record in the right column of Fig. 2 . The longer latency response decreased in size by repetitive stimulation (third and fourth records, right column, Fig. 2 ), suggesting that it may be induced by the cortical cellular activity.
Since the climbing fibers traverse caudorostrally in the cerebellar The responses were induced by SRN stimulation.
The upper beams of each record are the responses in the anterior lobe (ANT) and the lower ones are those in the paramedian lobule (PM) . The responses in the left column were recorded before cutting and those in the right column after cutting. The stimulus frequencies were 1 Hz in the upper two records and 10 Hz in the lower two records. medulla to reach the anterior lobe, it was reasonable that the climbing fiber response in the anterior lobe should be depressed by interruption of the intracerebellar connections.
However, it was unexpected that the responses in the paramedian lobule were depressed by this procedure, if it assumed that the corticopetal impulses reach the paramedian lobule by way of the bifurcating afferent fibers.
Effects of topical application of anesthetic on the surface response in the somesthetic areas To obtain other information concening the interaction of the somesthetic areas, a 1X5 mm filter paper soaked in 1% lidocaine was applied for 10 min to the "best point" in the anterior lobe , and the evoked responses to ipsilateral SRN stimulation were observed in the anterior lobe and paramedian lobule after removing the filter paper. Fig. 3 shows the results of the experiment.
At 2 min after removal of the anesthetic, no response was observed in the anterior lobe indicating cessation of all neuronal activity. However, the paramedian lobule response, especially that of the climbing fiber, became larger at this time. The anterior lobe responses then gradually recovered to the control size in 90 min. On the other hand, the paramedian lobule responses showed a gradual decrease parallel with the increase in the anterior lobe response, were depressed maximally at 30 min after anesthetic removal, and then gradually recovered to the control size.
It appeared that the paramedian lobule responses could be influenced by the activity in the anterior lobe. Somesthetic area responses to other somesthetic area stimulation Fig. 4 shows the evoked responses observed at the "best point" in the anterior lobe and paramedian lobule to stimulation of the ipsilateral "best point" of the paramedian lobule (PM) or the anterior lobe (ANT).
In both of the somesthetic areas, short latency (1.5-2 msec) positive going responses were observed.
They did not represent an electrical artefact because the direction remained unchanged when the direction of the stimulus artefact was reversed by reversing the stimulus polarity (cf. Porter22)).
In the paramedian lobule somesthetic area, short latency responses were followed by long latency (4 msec) positive going responses, while no such response could be obtained in the anterior lobe somesthetic area. Different neuronal mechanisms might be involved in the anterior lobe-paramedian lobule connection as compared to the paramedian lobuleanterior lobe connection. connections between the anterior lobe and paramedian lobule.
In addition to the short and long latency responses, a much longer latency response (9 msec) was observed in this case. Since the latter response disappeared following the pedunculotomy, it would appear to coincide with Armstrong et al.'s second diphasic response".
However, no detailed investigation was made of this longer latency response in the present study. Interaction of responses to SRN and ANT stimulation The interaction of responses induced by SNR and ANT stimulation was observed in the paramedian lobule and interpositus nucleus.
In the paramedian lobule, the long latency positive wave to ANT stimulation was depressed slightly when the ANT and SRN were stimulated simultaneously (third record, left column, Fig. 6 ), while no changes were observed in the other components of the responses.
Since the response latency due to the SRN stimulation was longer than that to the ANT stimulation, the SRN stimulation was given 5 msec earlier so that the evoked. responses due to the two kinds of stimulation would occur almost simultaneously in the paramedian lobule cortex (bottom record, left column, Fig. 6 ). The climbing fiber responses to the SRN stimulation and the long latency positive wave to the ANT stimulation demonstrated an additive effect. These data suggest that the evoked responses to the SRN and ANT stimulation did not share a common pathway to activate the paramedian lobule cortical neurons. Similar phenomena were observed in the interpositus nucleus responses to SRN and ANT stimulation. A slight depression of the responses to the SRN stimulation was observed when the SRN and ANT were stimulated simultaneously, while no 'suppression was obtained when the SRN was stimulated 5 msec earlier than the ANT stimulation (third and bottom record, right column, Fig. 6 ). It was suggested that the impulse activated by the ANT stimulation exerted a weak conditioning .effect on the neuronal activity to the SRN stimulation. Fig. 7 shows other results for microlectrode recording in the paramedian lobule (left column) and interpositus nucleus (right column). The short latency unitary responses in the paramedian lobule were depressed by the conditioning ANT stimulation (second record, left column). They were also depressed by ipsilateral interpositus nucleus stimulation. On the other hand, the later part of the responses to the SRN and interpositus nucleus stimulation showed an additive effect (bottom record, left column).
Single discharge was observed in the interpositus nucleus to ANT stimulation (top record, right column). The latency was 2 msec, and a notch was present in the falling phase.
This suggests that it was due to the cellular activity.
Combining the ANT and SRN stimulation, the conditioning effects of these stimulations were observed. The ANT stimulation exerted an inhibitory effect on the response due to the SRN stimulation, and the discharge was depressed for 27 msec following the ANT stimulation (second record, right column). On the other hand, the SRN stimulation had a weak suppressive effect on the One is made by branching of the Purkinje cell (pc) axon, which terminates on the Purkinje cell directly or via a cortical interneuron (in) , and the other is made by way of the interpositus nucleus (IP) . In the latter case, the Purkinje cell axon terminates on the nuclear cell either directly or by way of an excitatory effecting interneuron. Some of the nuclear cells send an axon collateral to another nuclear cell via an inhibitory interneuron, on which cerebellopetal fiber collaterals terminate.
Open small neuron, excitatory effecting interneuron ; solid small neuron, inhibitory interneuron ; open large neuron, excitatory effecting nuclear neuron. The solid line indicates the Purkinje cell axon and the broken line indicates the nuclear cell axon. PD means cerebellar peduncle. suggested that the climbing fibers also branch to innervate both of the somesthetic areas. Although the latencies of the mossy and climbing fiber ,components of the responses coincide with each other in the anterior lobe and paramedian lobule, the steeper rising phase of the climbing fiber component of the anterior lobe response than that of the paramedian lobule suggests the involvement of different neuronal mechanisms between the responses in the two somesthetic areas. The fact that the mossy fiber component had a higher threshold in the paramedian lobule, also suggests a difference in the neuronal mechanisms between these two areas.
When the subcortical structures were cut in the anterior lobe and the intracerebellar connection between the anterior lobe and paramedian lobule was interrupted, the cortical evoked responses to forelimb nerve stimulation changed not only in the anterior lobe but also in the paramedian lobule. Such changes could not be accounted for by assuming that the responses are due to the branch ing of the mossy and climbing fibers. The appearance of a longer latency positive-negative wave in the paramedian lobule response following the interruption, and its decrease by repetitive forelimb nerve stimulation, suggest that some excitatory process occurred in the paramedian lobule cortex.
This phenomenon could be explained by assuming that there are corticocortical connections between the two somesthetic areas and that the connection usually exerts an inhibitory effect on the connecting neuron.
Since the Purkinje cell axon is the only one source of the corticofugal fiber, and the Purkinje cell axon exerts a monosynaptic inhibitory effect on the connecting neuron 17'1"
, it is suggested that the two some- sthetic areas are connected with each other by Purkinje cell axons. Eager") suggested that the axons of cells in the anterior lobe cortex project to the posterior lobe, and Frezik") demontrated that the Purkinje cell axon collaterals extend over long distances in the parasagittal plane.
The effects of topical application of anesthetic to the anterior lobe indicated that the evoked responses in the paramedian lobule to forelimb nerve stimulation were influenced by the recovery of the neuronal activity in the anterior lobe. Coincident with the early recovery of the anterior lobe responses, the paramedian lobule responses were depressed. When the anterior lobe responses recovered completely, the paramedian lobule responses recovered to the control size. These phenomena could be explained by assuming that there are two kinds of intracerebellar connections -one direct and the other indirect and that the indirect connection has a higher threshold. In the early recovery period of the anterior lobe responses, only the direct connection exerts its function, and the paramedian lobule responses are depressed. When the anterior lobe responses recover completely, the direct and indirect connections exert their effects and the paramedian lobule responses recover completely. The fact that the paramedian lobule response became larger when the neuronal activity in the anterior lobe ceased, supports the above-mentioned hypothesis. Previous studies") have shown that the axon collaterals of the Purkinje cells inhibit the activity of other Purkinje cells as well as the inhibitory interneurons.
Electrical stimulation of the anterior lobe cortex induced short and long latency positive going waves in the ipsilateral paramedian lobule, while only the short latency positive wave could be obtained in the anterior lobe to the ipsilateral paramedian lobule stimulation.
Evoked. responses of 6 msec latency were recorded in the paramedian lobule by Barnard and Woolsey" to ipsilateral anterior lobe stimulation.
Similar responses were observed by Deura and Snider'" and by Combs and Thomas7), and they reported other short latency responses of 1.5-2 msec. Recently, Armstrong et al". divided the cerebello-cerebellar responses into three groups, and postulated that the second response arose as a result of climbing fiber axon reflexes and the third. as a result of orthodromic impulses generated by the cells of origin of the climbing fibers. However, they did not study the first response in detail.
Since the short latency responses to anterior lobe stimulation changed little following bilateral cerebellar peduculotomy, the possibility that they resulted from an axon reflex in the mossy fiber branch, as suggested by Cooke et al"., cannot be true in the present case. The fact that the short latency response could follow more than 100 Hz repetitive stimulation suggests that it may represent an antidromic activation of the Purkinje cells. Corticocortical connection by the Purkinje cell axon may be involved in the intracerebellar connection.
Long latency responses of 4 msec were obtained in the paramedian lobule to anterior lobe stimulation, while no response could be recorded in the anterior lobe to paramedian lobule stimulation. Although they were mostly positive monophasic, the responses corresponded to Armstrong et al.'s first diphasic response", which they ascribed to the axon reflex response. However, since all of the cerebellopetal fibers underwent Wallerian degeneration following the cerebellar pedunculotomy in this study, the partial continuance of the long latency responses and their disappearance through 10 Hz stimulation suggest that they are dependent on the cerebellar intrinsic connections. Armstrong et al. 's experiments2) provided no direct evidence to exclude involvement of the cerebellar nuclei. A more recent anatomical study24 has suggested recip rocity of the cortico-nucler and nucleocortical connections.
The long latency responses may due to impulses mediated by the cortico-nucleo-cortical pathways. Since the direct action of the Purkinje cell is inhibitory, an excitatory mechanism must be involved to activate the cerebellar nuclear cells to send the nucleo-cortical impulses.
Absence of the long latency responses in the anterior lobe to paramedian lobule stimulation could be accounted for by assuming that either the paramedian lobule certico-nuclear paths diverge widely and cannot exert a strong effect on one cerebellar nuclear cell, or the number of nucleo-cortical connections is small in the paramedian lobule to the anterior lobe connection by way of the interpositus nucleus. Bishop et al. 4 ) actually suggested a difference in the corticonuclear connecting patterns between the anterior lobe-interpositus nucleus and the paramedian lobule-interpositus nucleus.
The second diphasic responses of Armstrong et al.') were not encountered in the present study except the one shown in Fig. 5 (left column) .
The fact that they could not follow repetitive stimulation of 50 Hz, and disappeared following pedunculotomy, agreed with Armstrong et al.'s description, and suggests that they may originate in the extracerebellarly situated cell activities.
The results for the interaction of responses due to SRN and ANT stimulation suggest that the mossy fiber component and the long latency responses have a competitive character in the paramedian lobule responses.
Since the cerebellar nucleo-cortical fibers terminate as a mossy fiber", impulses induced by the two kinds of stimulation share the mossy fiber as a common pathway. itive The add effect of the long latency response and the climbing fiber component can be explained by the fact that these responses are induced by impulses traversing in the different corticopetal fibers -the former in the mossy fiber, and the latter in the climbing fiber.
In the interpositus nucleus, some cells could be fired by anterior lobe stimulation. This might have occurred by way of an excitatory interneuron. Following the nuclear cellular activation, there occurred an inhibition, for 27 msec, of the nuclear responses to SRN stimulation. Some interneuron might exert a weak inhibitory effect on another nuclear cell. On the other hand, there was only a cellular refractory period following the nuclear cell activation to SRN stimulation. Nucleopetal fibers of the cerebellar afferent pathways appear not to be connected to the inhibitory interneuron.
Based on the above results, a hypothetical scheme of intracerebellar connections between the two cerebellar somesthetic areas is presented in Fig. 8 . In addition to the bifurcating connections of the mossy and climbing fibers, two kinds of connections are suggested. One connection is made by branching of the Purkinje cell axon. These branches terminate on the Purkinje cell directly or indirectly via a cortical interneuron. The other connection is made by way of the cerebellar interpositus nucleus. The Purkinje cell axons are connected to the nuclear cells either directly or by way of an excitatory effecting interneuron, and these nuclear cells send their axons to the cerebellar cortex. Some of these axons bifurcate to innervate two somesthetic areas in the anterior lobe and paramedian lobule.
Other axon collaterals of the nuclear cells innervate to the nuclear cells via inhibitory interneurons, on which cere- 
